Abstract. The work presents the status of works over the gas exploration from unconventional accumulations in Poland as of the 4 th of January 2016. Both the qualitative and quantitative characteristics of waste generated during the exploration for hydrocarbons from unconventional accumulations (data for the years 2010-2014) are presented in the paper. Due to the high content of water and the consistency of waste as well as its changeable and hard-to-predict chemical composition, the waste is difficult to manage. Possible manners of the management of drilling waste connected with the exploration and exploitation of hydrocarbons from unconventional accumulations in Poland and logistic al challenges related to it are also discussed in the paper.
Introduction
The first borehole in Poland aimed at the exploration for natural gas from shales was drilled in the year 2010. The drilling waste is generated at all stages related to the exploration and exploitation of hydrocarbons from unconventional accumulations.
The natural gas from shale accumulations is released through drilling holes reaching the depth of several thousand meters. In order to cause the flow of gas into the borehole, operations of hydraulic fracturing in a number from several to over a dozen are executed in horizontal sections. The result is the generation of a considerable amount of waste. Managing that waste poses a logistical, technological as well as environmental problem.
To the main sources of pollution residing in the drilling waste one can classify chemical agents used for drilling fluid composition, biocides, oil-derived substances, corrosion inhibitors, and reservoir fluids in a form of brine and crude oil.
Area of exploration in Poland
The exploration for and release of unconventional accumulations of natural gas, contained predominantly in oil-bearing black argillaceous and mudstone shale rocks originating from Silurian and Devonian as well as trapped in sandstones of the Rotliegend, is performed mostly through horizontal bores. The reason behind is obtaining a network of artificial crevices resulting from hydraulic fracturing over a large area of the deposit [1] . Till the 1 st of February 2016 72 boreholes for the exploration were drilled in Poland. 25 operations of fracturing were performed in the boreholes, in that 13 treatments were taken in vertical boreholes and 12 in crooked-vertical ones [2] . The table 1 presents the breakdown of finished shale gas exploratory boreholes along with the type of performed special treatments. Locations of Polish deposits range from the middleeast Baltic coast through central Poland to the Lubelskie region. Four boreholes were additionally drilled in the south-west part of Poland (in the Silesian Lowland and the Opole region). The figure 1 shows areas of exploration for shale gas (the condition as of the 4 th of January 2016). Green points mark the boreholes which are finished. The red colour indicates areas where concessions for the exploration for shale gas are in force and the pink one marks places where requests for concessions for the exploration of natural gas have already been submitted. 
Applied drilling fluids
At the time of drilling a borehole, two or three types of water-dispersing drilling fluids are most often used, depending on the depth and drilled layers. For vertical sections and borehole-completion -these are bentonite and polymeric-and-potassium drilling fluids the properties of which can limit the hydration of rocks and they can also be characterized with inhibitive properties [1, 4] . A typical fracturing fluid contains 95 to 99 percent of volume of water, 3 to 4.5 percent of proppants -used for propping emerging crevices, and 0.5 to 2 percent of chemical additives [58] . The composition of such additives may vary depending on the applied technology of extraction and the characteristics of the deposit [5, 8] . The detailed composition of fracturing fluid used for particular boreholes in Poland is placed on the website of The Polish Exploration and Production Industry Organization [9] . The table 2 presents chemical components which are present in fracturing liquids along with their short characteristics.
Waste generated during exploitation
As a result of works connected with the exploration and recognition of deposits of natural gas from unconventional accumulations 2 sorts of waste are generated [4, 12, 
Flow-back Fluid
The main mass of waste produced during the process of fracturing is the flow-back fluid which contains small volumes of proppant. The proppant comprises the main part of the dry matter in wastes. After the processes of fracturing are finished, a part of the fracturing liquid returns to the surface (flow-back liquid). The volume of liquids which goes back to the surface depends on local geological conditions. According to the data published in an article [10] , in Pennsylvania this volume is in a range from 9 to 53 percent with the average at 10 percent. In China in Sichuan Basin between 15 percent to 80 percent [14] . In Poland in the Pomeranian Basin this value is from 9 to 22 percent, while in the Lublin basin it is from 20.6 to 45 percent [13] .
Used drilling fluids
The used drilling fluid along with extracted output becomes the drilling waste when the drill of the borehole has been finished. This waste can be characterized with considerable variation in terms of chemical composition as well as potential harmfulness to the environment. Each drilling fluid has an increased pH value, increased amounts of undissolved and dissolved solid substances (Total dissolves solids -TDS) [8, 14] , surfactants, chloride and sulphate ions and dissolved organic carbon (Total organic carbon -TOC). It also includes small amounts of petroleum-derived hydrocarbons [14, 15] , heavy metals (such as: arsenic, cadmium, barium, chromium, copper, mercury, nickel, lead, antimony, selenium, zinc, tin, cobalt) [8, 11, 14] and also trace amounts of radioactive substances which come from shale formations [1, 8] . The table 3 presents chemical composition of the used drilling fluids. The chemical composition of post-operation liquids depends not only on the composition of the fracturing fluid (which is selected individually for a given borehole), but also on the rock mass into which it is injected. It can be characterized with significant variability in respect of both the quality and quantity. Differences exist both in case of different areas of Poland (in which boreholes were drilled) and also among different portions of the liquid within the same borehole. The purification of drilling fluids takes place on the area of drilling rig with the use of vibrating, linear and deck sieves, sand separators, gravel sludge, centrifugal separators, hydro-cyclones, flocculation stations. Those treatments enable the reuse of the drilling fluid both for drilling another borehole and for applying as the warp for making a new drilling fluid. While analyzing the data placed in the table 6 one should pay attention to the high COD, TOC and DOC indicators occurring in the drill cuttings coming from the Lublin Basin. The drill cuttings can also be characterized with lower content of hydrocarbons in comparison to drill cuttings from the Pomeranian Basin. The amount of waste generated as the outcome of the exploration for hydrocarbons from unconventional accumulations in the area of Poland in the years 2010-2014 is shown in picture 2. Over the last 5 years a total of 292 700 Mg of waste from the group 01 05 was generated during the exploration for hydrocarbons from unconventional accumulations. The largest part was the waste from the group 01 05 08 (chloride-containing drilling muds and wastes other than those mentioned in 01 05 05 and 01 05 06) which comprised 88.62 of all produced waste. The wastes from the group 01 05 07 (barite-containing drilling muds and wastes other than those mentioned in 01 05 05 and 01 05 06) made up for 9.09% of all waste generated in the analyzed period of time. The hazardous waste from the groups -01 05 05  (oil-containing drilling muds and wastes) and 01 05 06  (drilling muds and other drilling wastes containing hazardous substances) -comprised respectively 2.12% and 0.17% of all produced waste. The table 7 presents ways of proceeding with the drilling waste.
Amount of waste produced during exploitation

Directions of management
Manner of management of the drilling waste resulting from the exploration for natural gas unconventional accumulations depends on physicochemical properties of the waste. The main feature which makes it harder to manage the drilling waste to a considerable extent is the high content of water: from 5 to 53 percent in case of drill cuttings, from 70 to 90 percent in case of used drilling fluid and up to 99.9 in case of flow-back fluid. Another factor is the consistency of the waste-fluid, semifluid and solid. The changeable and hard-to-predict chemical composition of the waste is also an obstacle. In accordance with the article 4. The data for the year 2014 relate to the waste treated by the producer on their own and cannot be compared to the preceding years due to changes in the legislation.
The common practice connected with the flow-back liquid management is its utilization in the next fracturing. However, it loses gradually its properties due to the increasing salinity and must finally be neutralized. The purification of technological liquid most often consists in removing suspensions, gases and liquid hydrocarbons. Dehydration of liquid drilling waste (used drilling fluids) is performed in transportable chamber filter press in the process of filtration. The process is supported by coagulation. The most frequently used coagulant is the polyaluminium chloride (its overall chemical formula is Aln(OH)mCl3n-m). The process of phase separation through filtration in the chamber filter press enables obtaining material which can be characterized with the content of dry matter in a range of 40 to 60 percent and is suitable in this form for use in land reclamation purposes [1] .
In the USA the common method is the injection of liquids into reservoirs after exploited conventional accumulations of hydrocarbons or reservoirs of underground saline deposits [8, 20] . In Poland there is only one landfill for waste other than hazardous and neutral. It is situated in the natural gas deposit in Borzecin. In accordance with the concession, waste from the groups 01 05 07 and 01 05 08 can be injected into the rock mass [21] .
The hazardous waste from the group 01 05 06  generated in Poland have all undergone the process of thermal treatment. The costs of process are high and vary from 3 215 to 6 440 PLN/Mg [22] . In case of waste containing hydrocarbons of the type 01 05 05  the acceptable methods are incineration and thermal conversion as well as bioremediation (composting, bioreactors, vermiculture and landfarming) [4] . The costs are as follows: up to 4 576 PLN/Mg for waste incineration, and up to 400 PLN/Mg for bioremediation [22] .
One of methods of recycling of drilling waste is solidification (immobilisation) of output. It is most commonly used in case of betonite drilling fluids [1] . The method consists in adding binding materials in a form of Portland cement, gypsum, limestone, fly ashes, blast furnace slag and hydraulic and puzzolans binder [23] . It causes hydraulic binding of soluble compounds (chlorides, heavy metals, petroleum-derived substances). This also increases physicochemical stability and mechanical resistance of the obtained material [1, 23] . The materials which are the result of the process are then utilized as additions to road surfaces, base layers of roads. They are also used for earthworks and as an addition to building materials [13] . The costs of immobilization depend on applied materials and vary from 108 to 1000 PLN/Mg [22, 23] .
Summary
Drilling wastes are a basic byproduct arising as a result of the exploration for shale gas. These are mainly used drilling fluids. The waste is of mineral and organic type. Used drilling fluids are colloidal arrangements comprised of fine-dispersing solids (organic and non-organic), polymers and liquids. Both the composition and properties of the waste may change in a wide range depending on geological and technological conditions of the bore and type of applied drilling liquids.
The main purpose of proper management of waste resulting from the process of fracturing should be minimizing its mass. This can be achieved through the effective separation of solid parts from process water. It allows not only to reduce the mass of waste which ends up in the environment, but also to reuse technological fluid therefore protecting water resources and energy needed for their obtention. e3sconf/2016 E3S Web of Conferences SEED 00076 (2016) 
